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INTRODUCTION 


The presence of nitrate and nitrite ions has long been a prob- 
lem in the purification of water, Removal of either of these con- 
stituents by methods other than such costly operations as distillation 
or ion exchange has not as yet been realized, Consequently, it is 
common practice in most instamess to accept their presence, and on 
occasions where they excsed a critical limit to dilute or change 
the source of supply. Due to the toxic nature of these ions, it is 
necessary te be constantly informed on their concentration, 

Nitrate and nitrite ions, as found in water, represent the 
final oxidation products of nitrogenous organic matter. ‘they are 
continually being formed and destroyed by organiams as part of the 
natural nitrogen cycle, and to some extent by direct chemical action, 
Past history of the water sources and climatic conditions are important 
factors contributing to the quantity of these ions present at any giv- 
en time, For example, higher concentrations are normally expected 
after spring flooding when runoff from surrounding terrain is at a 
maximun,and large amounts of organic matter are being washed into 
the main river bodies. Of the two constituents, nitrate ion is usu- 
ally found in greater abundance. This is due to its greater stability 
and also to the ease with which nitrite ion is oxidized, 

Nitrite ion is most frequently deternined by the diazo-coupling 
reaction (1). ‘the dependability of this reaction has few parallels 
in analytical chemistry, and ever since the classical work of Griess 
(6) in 1879 it has been the preferred method of analysis. Mas- 
tization of sulfanilic acid followed by coupling of the diazoniun 


cation formed with (-naphthylamine is the recommended standar proce- 

dure for nitrite ion determinations in water (1). Colorimetric esti- 
mation of the re‘dish-purple azo dye, a -naphthylamine-peazobenzene-p- 
sulfonic acid, produced serves as a means of evalutation. Consideration 
of the reactions involving the above mentioned amine and coupler aptly 
illustrate most modifications of dlazotigation and coupling. 


NH, ** 
+ HNO, + — 0 2120 
8055 80% 


den WH 
SG =» 
205K \ 4 
It should be noted that the coupling of X-naphthylamine occurs 
para to the amino group. A general mechanism explaining this type of 
occurence on the basis of resonance concepts as they affect the diazonium 


cation and coupler is given by Saunder (14) in his review of the work 
of Hauser and Breslow, 


oe ty? “oH 
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Selecting Av-ll=ti* as the active resonance form, they propose the follow- 
ing coupling mechanism: 


1 K 
e aye? mee 


Numerous combinations of amines and couplers used to form age dyes 
appear in the literature, and fairly comprehensive surveys are given 
by Saunders (14), Venkataraman (16), and Welcher (17). 

4n interesting modification of the above mentioned reaction is 
the recent work of Kuemmel and Mellon (7), ‘hese workers found that 
the diazonium cations formed by dlazotdzation of several p-phenylenedi - 
anine derivatives had high enough absorption bands in the ultra violet 
roeglon to be measured directly, ‘The advantage of using such a proce- 
aus is the elimination of the coupling step, and the ineonvenience of 
stringent pH control and instability of aso dyes that sometimes accon- 
pany it. On the other hand however, the instability of diazonium 
cations and the need for ultra violet optics to record their absorbances 
affords u serious limitation. 

Nitrate ion has been determined by the use of phenoldisulfonic 
acid or Nessler's reagent following reduction to ammonia (1). Neither 
method is ideal, however. The latter requires a rather lengthy proce- 
dure, and both are dependent upon a yellow or brown hue for evaluation, 
The phonoldisulfonie acid procedure is further complicated by the inter- 
ference of chloride ion, Its removal by the precipitation of silver 
chloride must be done without the ald of digestion dus to the loss of 
nitrate ion upon heating in the presence of silver salts. 

Various colorimetric methods for nitrate ion determinations using 
such reagents as brucine, xylenol, diphenylamine, and ferrous sulfate 
have been used with some success. In general they are limited by a 
lack of selectivity and/or the need for special apparatus. A deserip- 
tion of those methods has been included by Snell and Snell (15) in their 


comprehensive treatise on colorimetric analyses, 

A test for nitrate ion using the diago-coupling reaction was first 
deseribed by Blom (2). ‘Small amounts of nitrous acid obtained fron 
partial reduction with gine in acetic acid solution wore used to ini- 
tiate the reaction. While extremely sensi tive, the method is not repro. 
dueible, and it has been used only for qualitative purposes 

A quantitative determination for nitrate ion in soils utilising 
the diago coupling reaction has been reported by Bray (3), By the 
action of gine dust in aeetic acid solution, in the presence of nan- 
ganous sulfate, he was able to form reproducible, although nonstoichio« 
metric, amounts of nitrite ion, 

Middleton (12) found that 100 per cent recovery of nitrite ion 
could be effected if the reduction were carried out with And in an- 
moniacal solution in the presence of manganous ion, 4 orf tial pf 
range of 10. 2-11. 2 at lowered temperatures is a necessary reaction 
Condition, Final evaluation is then based on the orange dye forned 
by the dlazotization and coupling of sulfanilie acid with d«naphthol, 

The purpose of the present investigation was te develop a rapid 
determination of nitrate and nitrite ions in water. Procedures ine 
volving separate and mixed determinations of the two ions have been 
studied, Both are based on the formation of an intense red dye by 
the Glazo-coupling reaction, 

Reduction of nitrate to nitrite ion is accomplished with the aid 
of zine dust in dilute ammoniun hydroxide at 14-15°C., in the presence 
of manganous hydroxide, (4-aninopheny1)trimethylamnonium ion is used 
as the amine, This is the first time that it has been utilized as an 


analytical reagent. ‘The coupler, NjN+dimethyl-l-narhthylamine, pro- 
duces a bright red dye with the dasomun cation derived from the 
above mentioned omine which 46 excellent for visual or spectrophoto- 
metric comparison, 

Two new methods for determining nitrate ion in the presence of 
nitrite ion and in ehlorinated water are described. 

For the first case, Atte don ig destroyed by using it to 
diazotize the (4-aminophonyl)trimethylamoniua ion, the dia, 
cation thus formed is removed by oxchange onto a nuclear sulfonic 
cation exchange resin. 

Interference with the nitrate ion determination caused by the 
presence of residual chlorine is overcome by using the chlorine and/or 
hypochlorous acid to chlorinate the same resin mentioned above, It is 
unecessary to test for nitrite ion in chlorinated water dus to the ine 
compatibility of these substances, 

The determinations described cover nitrite and nitrate ions in 
the ranges of 0-1,5 and 0-2. 0 p. p. n. respectively, 

Because (4-aminophenyl)trimethylammonium ion is a new analytical 
reagent, the coupling characteristics of its diagonium cation with 
twenty-three common biochemical reagents were studied, This is, in 
part, an extension of the work done by Lambert and Cates (9), who stud- 
ied the coupling abilities of thirty-three diasoniua cations. The re- 
sults of the present work are to be found in part two of the experi- 
mental section of this paper. 

A modified determination for nitrate ion using partial reduction 
techniques is described in part three of the experimental section, ‘This 


method, while not as sensitive as the one mentioned above, has the ad- 
vantage of simplicity, and is particularly applicable to field work. 


EXPERIMBSTAL = PART 1 
Special Reagents and Equipment 


All reagents are of the best available grade. 

Standard nitrite fon solution, 1000 Pep. n., 1. 300 grams of sodiun 
nitrite per liter of solution, 

Standard nitrate ion solution, 1000 p.pem., 1. 631 grams of potas- 
Mun nitrate per liter of solution. 

Amine nnn 1 per cont (4-aminophenyl )trinethylammonium chlo- 
ride nonohydrochloride. This solution should be stored in a dark bottle, 

Coupler solution, ©.5 per cent N,Nedimethyl-l-naphthylamine in 1 per 
cent hydrochloric acid, This solution should be stored in a dark bottle. 

Ammonia solution, 120. O ml, of concentrated ammonium hydroxide por 
liter of solution, 

Manganese solution, 1 per cent manganous chloride tetrahydrate. 

Zine dust, 

Amberlite IR-120 (H) nuclear sulfonic cation exchange resin in the 
potassius form. 

Cadminum iodide-linear starch reagont (3), 11.00 grams of eadmiun 
iodide and 2,50 grams of twice recrystallize’ linear potato starch frace 
tion per liter of solution, 

Magnetic stirrer with 1 5/8 inch polytetrafluorce thylene-covered 
stirring rod, 


| 
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Becknan node! DU quarts prian spectrovhotoneter. 
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hydrochloride. To 43.0 grams of Nliadine thyl~p-:honylenedianine 
monohydrochloride dissolved 1 65040 mi. of vater at 50°C., add 30,0 
ml. of acetic anhydride and atir, Add a golution of 45.0 grans of 
anhydrous sodium acetate in 130,0 ml, of water. Cool to 20°C, in an 
iee-water bath, Add a several hundred per cent mess of concentrated 
ammonium hydroxide to complete precipitation of the product, Collect 
the precipitate orned by filtration, Wash the precipitate three tines 
on the filter by working it into a slurry sith equal portions of a so- 
lution containing 75.0 ml. of concentrated ammoniun hydroxide and 130.0 
nl, of water, and air dry (about 1-2 days). Dissolve the precipitate 
in 1000 ml. of warm benzene, Filter and add 1000 ml. of benzene at 
rom temperature, Pour the solution into a 2000 ml, standard taper 
flask and add 32.0 nl. of methyl iodide so that minimum air space ro- 
mains, Mix thoroughly and stopper tightly without stepeock grease. 
Store in a dark cool place for four days, Milter, and recrystallise. 
the product from methyl alechol., Redissolve the product in a minim 
amount of hot methyl alcohol, For each gram of product in the preced- 
ing step, “iesolve 0,7 gran of lead acetate trihydrate in hot methyl 
alcohol, Mix the two alecholie solutions, cool, and filter. Bubble 
hydrogen sulfide gas inte the filtrate until precipitation of lead 
galfide is complete, and filter, Add 0.6 gram of concentrated hydro- 
chioric acid to the filtrate for each gram of product collected in the 
recrystallisation from methyl alechol above. Concentrate to about 


1000200 . (or — form) with force ovaporation on a 
Stena bath, Cool and add Just enough methyl alochol te dissolve all 
the erystals, Triple the tete! volume 
n hour of wers ellter the ease 

quanti ty of methyl alochol and repeat the ether dilution, Collect 

the final product ty filtration and dry in air, If the product is not 
colorless, diazolve it in nothyl lech! and decclorize with ourbon, 
Proc tate with ether as steviously mentioned and dry. 

Yield: Approximately 17 grams, a 

— ution emahamce rasin, Flace the desired 

anount of Anberlite If~120 () nuclear sulfonie cation exchange resin 
on a filter, ac repeatedly with 2° por cent potassins hydroxide until 
the wash solution romaine blue to liteus, Rince with distilled water 
wntil the wish solution 10 neutral to litsus, Dry in air until the 
resin beads ne longer stick together, 


Nitrite and Nitrate Ion boterminatlens. 


libtrite calibration curve, frepare nitrite fon samples in the 


range Of O.l~1.5 p. en. To 30,0 ml, of the samples add 1,00 al, of 
the anine solution and stir well, Add 1.00 ml, of the coupler solu« 
tion and aci@ify wlth five or six drops of concentrated hyérochlorie 
acid. Mute to emetly 50.0 ml. After teonty minutes record abe 
serbanes readings with a spectrephotometer at 522 op, 

Eiirate calibration curve, Prepare nitrate ion samples in the 


rane of 0.12.0 „ Te 36,0 al. of the @anlos, fna 123 Ble 


Brleneyer flask, add 5.00 ml, of the ammonia reagent and 1,00 al. of 
the sangancas reagent. Place the flask ine large crystallizing dich 
containing water at 14-15%,, „ eue stirrer, 
(Two thin astestos mats should be placed on the surface of the stirrer 
to carve as insulation against boat. At nermal room tesperatares this 
bath will romain in the eritieal temperature range for suftictont tine 
to miko a single determination.) 448 0.2 grem of sine dust and stopper 
Rightly with on unlehetested M 000 Stir for six minutes at a 
constant rate, Milter the solution vith suction through a sintered 
giase filter. After the Miter has deen sucked dry, rimss the flask 
with two small portions of distilled water and run then through the 
filter, ah the filter with one sa portion of distilled water, 
Add 1,00 wl, of the amine solution to the clear filtrate and stir voll, 
Agia@tfy dropeise vith 1,8 mi, (about 15 drops) of concentrated hydro- 
chloric acid and stir well, 4 1,00 ml, of the coupler solution and 
stir well, After tuenty minutes dilute te ometiy 5 0 l. and record 
absorbance readings on a spectrophotomster at $22 mp, 

If a gonstant tesserature bath is available, it may be convenient 
to eireulate water between the bath and the erystallising dish. 

Quantitative formation of nitrite ion is eritieally dependent upon 
the tine and rate of stirring. It is essential that those variables be 
determined on standard samples prior to attempting an unknown analysis, 
The stirring rate may be conveniently regulated by adjusting the stirrer 
just below that point at whieh splashing occurs, ‘the time ean then be 
varied by fixed inoronents beleew and sbove the six aimutes recommended 
until the correct poriod is detersined, 


The amount of zine sate A not esto. Once a general 


| 2 io — . Test the 
unknown solution for nitrite ton W placing about one al. on a spot 
plate and adding several drops of the anine and coupler reagents along 
with a drop of concentrated hydrochloric acid, 4 red color indicates 
the presenes of nitrite ion, If present, Temove a 50,0 ml, sample, 
add 1. 00 ml, of the amine and 4 4559 of concentrated hydrochloric acid, 
Stir with a magnetic stirrer for four minutes, Add five grams of the 
cation exchange resin and eontinue stirring for another four minutes. 
(This amount of resin may be more conveniently measured as one level 
standard teaspoonful), After the resin has completely settled, test 
one n. of the clear liquid for nitrite ion. If the test is positive 
continue stirring until no red color is obtained, Carefully decant 


the solution from the recin, um a nitrate ion determination on a 30,0 
ml, sample as described above, 

This procedure was sucesssfully used on nitrate ion samples con- 
taining 5.0 p. p. u. nitrite ion or 1088. 


lution for chlorine or hypechlorous acid by adding a drop of cadadun 
lodide-linear starch reagent to about 1.0 ml, of the sang le on a spot 
plate. A blue color indicates the presence of chlorine or hyvochlorous 
acid. If present, remove a 100 al. sample and add 20 grams of the 
Gation exchange resin, Stir for twenty minutes on a magnetic stirrer, 
Test one ml. again for chlorine or hypochlorous acid, If the test is 


positive continue stirring until no blue color is obtained. Decant the 
solution from the resin, Run a nitrate ion determination on a 30,0 al. 
sample as described above, 

This procedure was successfully used on samples prepared by waking 
standard additions of nitrate ion to chlorinate: drinking water. 


Dieussion of Complete Nitrite Ion Recovery Method 


A mechanism for the formation of nitrite ion by reduction with zine 
and manganous hydroxide in ammoniacal solution is ant immediately obvious, 
Experiments conducted by the author and Dr. Jack L. Lanbert, his research 
director, indicate that sovewhat less than 70 per cent nitrite ion ro- 
covery is realized when the reduction is performed in the absenes of 
manganous hydroxide. Bray (4), who used manganous sulfate as a source 
of manganous hydroxide, suggested that its purpose is to adsorb chloride 
ions which might otherwise interfere, Mellor (11), however, in a review 
of the work done by Patton, shows that manganous hydroxide will not adsorb 
chloride ions in the presence of sulfate. This, plus the fact that 
manganous chloride was used in the present procedure, indicates that 
chloride ion is not an interference and that the role of manganous hy- 
droxide remains uncertain, 

Presumably, any nitrite ion not recovered in the absence of manganous 
hydroxide is further reduced to lower oxidation states of nitrogen, and 
possibly ammonia, For this reason, it might be proposed that the fune- 
tion of the manganous hydroxide is to form a nitrite complex which is 
stable to further reduction at the temperature used. 


The ability of manganous hydroxide to act as an orygen scavenger 


pri Det 
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is voll known, With respect to the ‘present Giscussion, however, its 
purpose is this eanacd ty is a Sa 
Squations depicting the overa 1 nitrate ion reduction and dye 


formatios proceed accord! nglys 7 . g 
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Plate 1 illustrates the relationshi> between the nitrite and nitrate 
ion calibration curves, It is apparent fron the diagras that quanti ta- 
tive recovery of nitrite fon is obtained. This is based on the premise 
that 1.00 gram of nt tra e fon is stoichiomtrically capable of producing 
0.74 gras of nitrite fon, Sach int on the curves is an average of five 
trials, 

Plate II indicates the absorption maxima of the Gye foraed from a 
1.0 „pen. nitrate ion solution, ‘the bread plateau extending fro= about 
318-530 74 suggests its applies ite to spectrophotonetric deterninas 
idons, 

Table I lists the results of standard additions of nitrate ion te 
natural and treated water samples, ‘The values shown Teprerent and averace 
of five determinations for each concentration imiicates, Before addi- 
tion, the samples conta! nod froa about 0. 8-3. 0 H. p. n, M tra o ion, 
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Table I, Analysis of typical water sanples, 


Souree of 107 addga 93 2 Deviation 
sample — ee in p. . n. 
Pe 0.10 O11 0,06 
%% 0.33 0. 
9. 0 Oe 55 6,05 
2 1,00 1.00 „03 
B 0.10 8.12 0. Ol. 
9.30 0. 9. c 
0. 30 0.48 0.02 
1.00 0.0 0.02 


Wins River water collected naar Manhattan, Kansas, with suspended 
solids removed by filtration an Joer centrifugation, 


Buenhatten, Kansas, city wator supply. 

Inn tri te don removed by procedure described here, 
“vechlorination accomplished by procedure described here, 
Dach value represents the average of five trials. 


Aliquot 3 were taken when the nitrate ion concentration exceeded 
the limit of the calibration eaves 

It is to be noted that the deviation of the standard additions is 
generally higher than those on the @alibration curve. This is attri- 
buted to the concentration factors involved, Obviously a 0.1 p. p. u. 
addition to samples already containing 3.0 p. p. n. will deviate more 
than a comparison of solutions made up to contain 0,1 . p. n. 

The nitrate ion reduction takes place in 4 solution having a ii 
of about 10,8. This falls into the range of 10. 2-11. 2 described by 
Widdleton (12). 

Selection of (4-aminophenyl)trimethylamonium ion was based on 
its speed of diagotization, coupling ability, and stability in aqueous 
solution, Pinnow and koch (13) described a simpler method of prepara- 
tion for this amine, but the product described here ig more suitable for 
analytical work, Solutions stored for more than six months in a dark 
bottle were still usable, as were those prepared fresh from the hydro- 
chloride salt which had been synthesized two years earlier. 

If a slight yellow hue forms in the amine solution on standing, 
it can be removed with carbon at room temperature. Carbon thus used 
may introduce a trace of nitrate ion, but this is of no significance 
to either the nitrate or nitrite ion determinations, Nitrate ion will 
not interfere with the nitrite ion determination, and since the amine 
solution is added after the zinc reduction step when testing for nitrate 
ion, any additional contaminant will go undetected, A blank deterni« 
nation would be necessary when rumming a mixed analysis of the two ions, 
however, sinee then the anine is present during the nitrate ion reduction, 
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The coupler was chosen for its ability te couple in seid solution 
and formation of a favorable Color, It has been previously used for 
colorimetric determinations im alecholie solutions (10), (13), in which 
it is reported to be stable. oe | 

Low results wore obtained in this procedure, however, when ethanol 
was used as a solvent, This e Was due to eonpeting reactions 
between ethanol and the diasoniun gation to form an ether and the nor- 
mal coupling product. ; 

The aqueous hydrochloride salt solution recommended here hae a 
tendency to undergo decomposition and is best prepared daily, Since 
clarity of solution is not an indication that no decomposition has 
occured, the condition of the coupler should be checked with a standard 
solution before running an unknown analysis. 

Decomposition, probably due to air oxidation, may affect the pure 
U,Nedimethylel-naphthylamine once the original bottle has been opened. 
Storage over granular, unamalgemated gine apperently minimises this 
doccapogi ti on. 

It is interesting to note that when the coupler is prepared in aleo- 
holie solution, only the nitrate ion readings are lowered. The decrease 
in dye formation being about 10 por cent less than that obtained with 
the aqueous hydrochloride salt, Absorbance readings taken on nitrite 
ion determinations show good agreement regardless of which solvent is 
used, This might suggest some possible influence of either sinc, manga- 
nese or ammonium ions on the reaction of the diasonium eation with ethanol 
mentioned above, 

The red hue of the azo dye appears to be stable, Absorbance readq 


ings taken on colutions up to ens mek after color dovelormont do 
not vary significantly. A cartes of eouplors, inclating the commonly 
— 8 fo’ yiel4 as intense « volor 
at & given nitrite or nitrate zen one ra when substituted for 
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22 of asd th: eocr tannes sesmminas ö 
before introducing the extion exobange resin, ‘This period depends on f 
the nitrite ion cn ration, and ghould be determined on standard so- | 
lutions before attempting an analyais. 

Dechlorination of the treated water angles ie apparently eco 
complished by direct chlorination and possibly some a@dition across 
any unsaturatien in the resin, the possibllity of exehange taking 
place with positive chlorine is considered to be remote, 

The following genera) equations relating concentration to ab- 
sorbance were derived froa the calibration curves, Equation 1 applies 
to sitrite ion and equation 2 to nitrate font 


(2) Cros 1.79 4 
(2) “nog * 2444 


there © is concentration in p. p. a,, and A 16 absorbance, The molar ab- 
sorban _ index for the dye formed is 26,200, 


by diasotization of (,-aetnophony ent aimoniun ion, ths procedures 
of Lanbort ant Catas (5, 9) were used to effect its transfer to u cation 
exchange resin. Tho cation thus 4solated ean be safely stored, and cas 
ily discharged from tho resin by the action of excess potassiun chloride, 
thereby becoming readily available for immediate use. 

, coughing of the: diendiie Gatien ulth 
twenty-three common blochemicel reagents in different pli ranges are listed 
in Table II, 

Of the compounds tested, the dye formed from phenol was selected 
for further quantitative investigation, Ite linear relationship in ae- 
cordance with Beer's Law is apparent from consideration of the curves in 
Plate III. 

It 1 to be noted that the pi values of the solutions tested are 
lower than those expected from the buf for solutions used, This is ate 
tributed to some hydrogen fon introduction from the resin on which the 
d@iagonium cation was dispersed. 


Special Reagents and Equipment 


All reagents are of the best available grade. 
(4-trimothylanmonin»cheny] )diezonium cation suspended on Amberlite 


IR-120 (H) synthetic cation exchangs resin, (prepared by the method of 
Lambert and Cates (5, 9). 
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pi 5, 1 ½ sodium acetate and 1M acetic acid, Use 66.0 grams of 
sodiun acotate trihydrate and 28,8 ml. of glacial acetic acid per 500 ml, 
of solution. 8 

pH 7, 2 h ammonium acetate. Use 77.1 grams per 500 ml. of solution, 

pl 9, 2M dipotacsium hydrogen phosphate, Use 228 grams of dipo- 
tassiun hydrogen phosphate trihydrate per 500 ml. of solution, 

oil 12, 1 u eodlum carbonate, Use 106 grams of sodium carbonate, 
anhydrous, per 500 ml. of solution, 


Qualitative investigations 


0.1 per cent solutions of the compounds to be tested were prepared. 
(Where solubliity factors precluded this, saturated solutions were used 
instead), To ome ml. of these solutions, five ml, of the buffer reagents 
or water were added with stirring, and thon one ml, of the (4+trinethyl- 
amnoniumphenyl )diazoniun cation solution was added, Colors were judged 
after several minutes standing. 

Tho diazonium cation solution was prepared by mixing one-fourth tea- 
spoon (level msasure) of potassium chloride and one level teaspoon of 
the diagonium ion-resin combination with 50 nl. of water. 


Quantitative Investigations 


Quantitative determinations were made by preparing solutions of 
phenol in the range of 0-10,0 p. p. n. Ten ml. of these solutions were 


N 


pipetted into a 50 1. beaker along with 2,0 ml. of the buffer solution 
and 1,0 1. of the diagonium fon solution, After thirty minutes ab- 
serbance readings were recorded at 445 Me 


SXPERIMENIAL PART 111 


Modified Mitra e Ion deternination Using Partial Reduction 

In the course of the present investigation, it was found that a 
simplified nodifiestion of the nitrate 10n determination described ear- 
lier could be used, The basis of this modification entails the elin- 
ination of the manganous hydroxide addition as well as the critical 
control of temperatures. ‘The same amine and coupler are used, with the 
exception that the coupler is prepared in alecholic solution, which is 
stable for at least 60 days (15). 7 

The modified procedure does not afford stoichiometric reduction 
of nitrate to nitrite ion, However, the results obtained are suf fi- 
ciently reproducible to suggest its use as an accectable quantitative 
method, 


Special Reagents and Equipment 


Unleas otherwise indicated, the same reagents are used as in the 
previous nitrate ion procedure, 

Coupler solution, 1.0 al. of N,ji-dimethyl-lenaphthylamins per 230 
ml. of 95 per cent ethyl alechol. This solution should be stored in a 
dark bottle. 

Zine metal, unamalgamated, granular, 2 mesh, 
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Standard spoon measures. 
Nitrate Calibration Curve 


Prepare nitrate ion samples in the range of 0,1+5.0 pepeme To 
30.0 mi. of the samples in a 125 ml. Erlenmeyer flask, add 3.0 al. of 
the ammonia reagent and one-half teaspoonful of zine. Stir for three 
and one-half minutes at a constant rate, Decant the supernatent liquid, 
rinse the flasi with two small portions of water, and add the wach solu- 
tion to the decanted liquid, Add 1,00 ml, each of the amine and coupler 
solutions, Acidify dropwise with concentrated hydrochloric acid wmtil 
the clear red color of the dye appears, then add five or six drops in 
excess. Dilute the red solution to exactly 50.0 ml. and record ab- 
sorbance readings at 522 Bp on a spec trophotometer after 20 minutes, 

It is essential that the time ani rate of stirring be the same for 
each trial, Me combination which produces the most intense color should 
be determined on standard samples. For the time Usted above, a magnetic 
stirrer operating at approximately 900 cyeles per minute (by stroboscopic 
measurement) was used. 

The stirring rate can be conveniently regulated by adjusting the 

stirrer just below the splashing point. A certain nininum speed is 
needed to overcome friction dua to the rough layer of gran lar zinc, 
The range of differences between these oxtreme rates is sufficiently 
small to effect a fairly constant value. Values obtained for five suc- 
cessive runs are plotted in Plate IV, curve 2, 

on stirring was done by hand (at a rate established by the oper- 


9 
„ pe 

1 r > 2 

. : 


AI VI 40 HOTLYMVIdXS 


30 


NOILVIASG JVA 


JONVY 
JOVYSAV 
SNIVA JIONIS 


N 


d 


d 


JONVEYOS BV 


ater), a rapid swirling motion for four mimites and one teaspoonful 

of zine were employed. A vigorous shakine motion is undesireable due 

to the possibility of releasing fine gine particles inte suspension, which 
would interfere with the final color. me results of a Single series of 
triale using the hand stirring mthed are shown in Plate IV, eurvo 1. 


Diseussion of Modified Nitrate Ion Determination 


Success of this determination reste with the ability to form repro- 
ducible amounts of nitrite ion by maintaining a constant time and rate of 
stirring for all semples, the concentration-absorbance relationship 
under these conditions ie linear in accordance with Seer's Law. 

Plate IV illustrates the relationehi» betwoen the experimental 
nitrate 4on calibration curve (eurve 2) and its theoretical quantita. 
tive value (curve 3), It is apparent from the diagram that about twoe 
thirds of the possible amount of nitrite fon is recovered, At least 
ten per cent of this is attributed to the alcoholic coupler solution 
as discussed earlier, 

Excessive amounts of zine tend to ‘ecrease the amount of nitrite 
ion formed, Liberties may be taken with the amount used in the range 
of 1/4 = 1 teaspoonful. Approximately equal portions should be used 
in successive trials, Atteupts to employ a ine column proved less 
successful than tho stirring technique, ; 

High temperatures may cause slight errors, it was found for exe 
ample, that heat generated by the magnetic stirrer after prolonged use, 
wag responsible for some deviation, This was remedied by placing two 
thin asbestos mats between the stirrer and flask. 
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Increased stirring rates were also possible when the mats were 
used. The decrease in magnetic attraction between the stirrer and 
stirring bar, due to greater distance, lessened the friction between 
the gine and etirring bar and permitted faster rotation. A series of 
trials at lower temperatures showed no noticeable deviation from the 
results reported at room temperatures 

The procedures recommended previously for nitrite ion and chlorine 
removal apply equally well to the present ds teraina td on. 

The following equation relating concentration to absorbance was 
derive’ from the nitrate ion calibration curve: 


nog © 3.4 A 


where the symbols have the same connotation as those previously used. 

It is the author's personal feeling that the modified nitrate ion 
determination just described is to be preferred over the one mentioned 
earlier, hile some sensitivity is lost when partial reduction is used, 
the benefits gained by simplifying the procedure are a distinct advantage. 
For all practical purposes the precision of the modified method is compar- 
able to the one involving complete nitrite ten recovery. ; This, plus the 
fact that the partial reduction mathod 1s easily adaptable to field work, 
tend to make it more applicable for general use. 


CONCLUSION 


Two procedures have been developed for the determination of nitrite 
and/or nitrate ions in water by utilizing the diazo-coupling reaction, 


The first method, in which niet 10 4s recovered quantitatively, has 
greater sensitivity, while the ea n thod, which depends on partial 
reduetion, is simpler to bene. Both mee. sre found to he 
sui table quantitative procedures, a 

For the first tine, (4meninepheny! : 
used as an analytical reagent, £8 me eee, ayia t 
the nitrite ond nitrate ion determinations, and a valuable aid in the 
renoval of nitrite ion, E? er 
its diazonium cation dan be isolated by ion exchange . techniques. 

4 new method for the removal of residual chlorine, which is an inter- 
ference to the nitrate ion determination, has been developed. Presumably, 
the reaction involved proceeds by dirset chlorination or addition to a 
cation exchange resin, 

The @iazoniua cation derived from (4-aminophanyl)trimethylamoniun 
ion was found to be capable of coupling with various compounds. Its 
behavior in this respect was studied under varying pil conditions, and 
the colors of the azo dyes it formed with twenty-three biochemical ree 
agents wore noted, ‘The coupling product produced by its reaction with 
phenol was further investigated, and found to obey Beer's Law in the 


concentration range up to 10 p. pen. 
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Aderite and dne Sono Ss 2 ben er -. 5 and 06240 p. 5. . 
respectively, are deterained e eal + Formation of à red dye 
— reaction MUMNUITA Means of Adeatttiostéon, 
Nitrite ion is detersined directly, while nitrave ion is first rue 
and then deteruined by the gaue method, Interference encountered in the 
nitrate fon determination due to the presence of nitrite ion 26 eliminated 
by utilising the latter to form a diazoniun cation, which 4s then renoved 
by eaten exshange, Hewoval of chlorine and/or hypochlorous acid, whieh 
interfere, is accomplished through reaction with a nuclear sulfonte 
cation exchange resin, presumably by chlorination of the resin, Chloride 
fon does not interfere, ‘he test is particularly applicable te the anale 


vs of trace amounts of nitrite and/or nitrete ions in water, 


A M tra e ion determination in the range of 0-3. 0 p. en., utilising 
partial reduetion techniques, hac the advantage of being easter to run, 
tat ie less sensitive than methods using total reduction, 

4 aynthesis for the new analytical reagent, (4-amlnophony])trimethyl- 
amooniua ion, is descrived, Llszotisation of this amine and subsequent 
coupling with N glindine thylelenaphthylanine preduee the dye which is mess- 
ured cclorinstrically, 

Some qualitative and quantitative aspects of (4strimethyl-ameniun- 
phenyl )diavonium cation are discussed, with regard to its coupling abil- 
ity in the presence of twonty~three biochemical reagents, 
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